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This is a rich and exciting  
field of research with great  
avenues for multi-messenger  
detection of dark matter 
candidates!
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Compact binary 
Coalescences and 

Dark matter
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D E T E C T I N G  G R AV I TAT I O N A L  W AV E S  F R O M  C B C ( S )

• Real-time searches look for 
BBH, BNS, and NSBH signals 
with multiple search pipelines. 

• >200* public alerts from 
significant detections to date in 
the fourth observing run of 
LIGO-Virgo-Kagra. 

• Total detections so far: >290 

4Gravitational Wave DB: https://gracedb.ligo.org/superevents/public/O4/

From: https://emfollow.docs.ligo.org/userguide/capabilities.html

First BBH (O1): GW150914 
First BNS (O2): GW170817 
First NSBHs (O3): GW200105, GW200115 
NSBH in O4: GW230529 (Mass Gap BH) 

PBHs? Sasaki et al. (2016)

https://emfollow.docs.ligo.org/userguide/capabilities.html
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• Real-time searches look for 
BBH, BNS, and NSBH signals 
with multiple search pipelines. 

• >200* public alerts from 
significant detections to date in 
the fourth observing run of 
LIGO-Virgo-Kagra. 

• Total detections so far: >290! 
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BNS

BBH

NSBH

Gravitational Wave DB: https://gracedb.ligo.org/superevents/public/O4/

Sakon et al. (2024)

Mass of Compact objects from stellar evolution > 1.4 M⊙



PA X - X  A N D  C E  S Y M P O S I U M ,  U N I V E R S I T Y  O F  I L L I N O I S  U R B A N A - C H A M PA I G N  2 0 2 5

F O R M AT I O N  C H A N N E L S  B E Y O N D  S T E L L A R  
E V O L U T I O N

• Primordial Black Holes 

• Dissipative dark matter — 
Dark Black Holes 

• Neutron Star implosion from 
dark matter accumulation
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Hanna et al. (2024)

S U B - S O L A R  M A S S  S E A R C H E S  I N  G R AV I TAT I O N A L  W AV E  D ATA
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S U B - S O L A R  M A S S  S E A R C H E S  I N  D ATA  F R O M  L I G O -
V I R G O
• Searches performed by 

multiple independent search 
pipelines. 

• No detections reported from 
searches in data from O1, O2 
and O3. 

• Upper limits on Merger Rates 
- 100 per Gpc^3 yr^-1 at 
chirp mass of 2 M_sun.
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The LVK Collaboration (2023)

Nitz et al. (2022), The LVK Collaboration (2023)
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P R I M O R D I A L  B L A C K  H O L E S
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The LVK Collaboration (2023)

Nitz et al. (2022) Nitz et al. (2022)

Constraints on the abundance of sub-solar mass PBHs 
From astrophysical rate limits. 
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Miller et al. (2022)

P R I M O R D I A L  B L A C K  H O L E S
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B E Y O N D  S U B - S O L A R  M A S S  S E A R C H E S  I N  G W  S T R A I N  D ATA

Quasi-monochromatic GW signals 
from planetary-mass and asteroid-
mass PBH binaries. 
Use limits from continuous wave 
searches to constrain the merger rate 
and the abundance of PBH binaries.
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D I S S I PAT I V E  D A R K  M AT T E R
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Shandera et al. (2018), Ryan et al (2022), Gurian et al (2022)

mx
mc

D A R K  H - AT O M D A R K  H 2
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Singh et al. (2021)

D I S S I PAT I V E  D A R K  M AT T E R
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mx
mc

D A R K  H - AT O M D A R K  H 2

MDark
Chandrashekhar = 1.4M⊙ (

mp

mx )
2

Possibly the minimum mass of dark BHs

Shandera et al. (2018)



Shandera et al. (2018)

Appreciable merger rates albeit 
dependent on dark matter particle masses



PA X - X  A N D  C E  S Y M P O S I U M ,  U N I V E R S I T Y  O F  I L L I N O I S  U R B A N A - C H A M PA I G N  2 0 2 5

Singh et al. (2021), The LVK Collaboration (2023)

D I S S I PAT I V E  D A R K  M AT T E R
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Abundance of dark black  
holes - Fraction of DM in  
dark black holes

Minimum possible mass dark black holes
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mx
mc

D A R K  H - AT O M D A R K  H 2

MDark
Chandrashekhar = 1.4M⊙ (

mp

mx )
2

Possibly the minimum mass of dark BHs

Singh et al. (2021), The LVK Collaboration (2023)
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A S Y M M E T R I C  D A R K  M AT T E R
B L A C K  H O L E S  F R O M  N E U T R O N  S TA R  I M P L O S I O N  

Singh et al. (2023)

BEC formation occurs for .  

Timescales are shown for  for the BEC 

channel,  for the non-BEC 

channel,  and .

mχ < 2 × 104GeV

mχ = 1GeV
mχ = 2 × 104GeV
σχ = 2 × 10−45cm−2 ρχ = 1GeVcm−3
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Black holes with 
neutron star like 
masses: 1-3 M⊙
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Time to collapse < Merger time

}
Time to collapse > Merger time

Singh et al. (2023)

TOTAL  M
ERGER  

RATE
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B L A C K  H O L E S  F R O M  N E U T R O N  S TA R  I M P L O S I O N  

·n(z) = A∫
tmax
d

tmin
d

ψ(zf(z, td))𝒫(td) dtd

·n(z) = ·n(z)BNS + ·n(z)BBH

Star formation rate

Delay time distribution

∫
collapse time

tmin
d

∫
tmax
d

collapse time

Merger rate density for BBH is a function of 
the collapse time. Higher collapse time 
implies more BNS and vice verse.
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A S Y M M E T R I C  D A R K  M AT T E R
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B L A C K  H O L E S  F R O M  N E U T R O N  S TA R  I M P L O S I O N  

·N = ∫
z

0

·n(z′￼)
1 + z′￼

dVc

dz′￼

dz′￼

Detectability of source

Differentiability of source

ϵ(z′￼) Detector Efficiency

ϵ(z′￼|SNRthrsh, σΛ̃,thrsh)

 
Λ̃BBH = 0
Λ̃BNS > 0

TOTAL  M
ERGER  

RATE
Detecta

ble

Image Credit: Karan Jani/Georgia Tech
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Increasingly Detectable and Differentiable

A S Y M M E T R I C  D A R K  M AT T E R
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B L A C K  H O L E S  F R O M  N E U T R O N  S TA R  I M P L O S I O N  
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Singh et al. (2023)

• Observed number of BBH is a function 
of collapse time. 

• The collapse time depends on the 
scattering cross section and the mass 
of DM particle. 

• Given some gravitational wave 
observations, we infer the collapse 
time and the particle properties of 
dark matter.

A S Y M M E T R I C  D A R K  M AT T E R
B L A C K  H O L E S  F R O M  N E U T R O N  S TA R  I M P L O S I O N  
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G W 1 9 0 4 2 5 :  B B H  O R  B N S ?

• The inferred effective tidal 
deformability,  for GW190425 

•   = 0 is not excluded.

Λ̃

Λ̃
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Khadkikar and Singh (2025) In prep

Leveraging tidal information 
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Khadkikar and Singh (2025) In prep

Leveraging tidal information 
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• Primordial Black Holes 
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• Neutron Star implosion from 
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Hanna et al. (2024)Hanna et al. (2024)

S U B - S O L A R  M A S S  S E A R C H E S  I N  G R AV I TAT I O N A L  W AV E  D ATA

https://emfollow.docs.ligo.org/userguide/

N E W  M E T H O D S  F O R  F U T U R E  D E T E C T O R S
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Environmental effects modeled into waveforms?

Connect DM models with GW observables.

New search methods for computationally expensive sub-solar mass searches

Methods to decouple formation channels that could populate the sub-solar mass 
regime.
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This is a rich and exciting  
field of research with great  
avenues for multi-messenger  
detection of dark matter 
candidates!


